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An ultrasonic fluid flowmeter has a first mounting block (1) for location at a first station on the external surface of a 
pipe through which a fluid flows. Two ultrasonic transducers are fixed within the block, the first (Tl) being oriented to di- 
rect an ultrasonic pulse at a preselected angle to the axis of fluid flow and a second transducer (T4) angled to direct an ul- 
trasonic pulse in a direction perpendicular to the axis of flow. A third ultrasonic transducer (T2) is fixed within a second 
mounting block (2), for location at a second station on the pipe, and is oriented to intercept the direct or reflected acoustic 
path of a pulse transmitted by the first transducer. Output signals from the transducers are processed to compute the time 
of flight of the pulse from first to third transducers and hence the flowrate and the computed flowrate is corrected for var- 
iation in the propagation rate of the ultrasound by derivation of a correction factor from the output signal from the second 
transducer. 
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ULTRASONIC FLUID FLOWMETER 



This invention relates to an ultrasonic fluid 
flowmeter for non-intrusive monitoring by ultrasound of 
fluid flow in pipes. 

Ultrasonic fluid flowmeters operate on the 
5 principle of directing a pulse of ultrasonic energy 

through a flowing fluid and monitoring the passage of 
the pulse either by detecting a Doppler shift brought 
about by the effect of the fluid flow on the pulse, or, 
alternatively, by measuring the time taken for the pulse 
10 to complete its passage through the fluid. It is to 

the latter type, so-called "time-of-f light • meters, that 
the present invention relates. 

For measurement of the flow of fluid in pipes 
ultrasonically it is usual for apertures to be cut in 

15 the pipe wall for introduction of the ultrasonic 

transducers directly into contact with the fluid flow to 
avoid effects of the pipe wall on the measurement. 
This requirement is clearly disadvantageous in that the 
design of portable instruments is more or less ruled 

2 0 out. However, a few examples of non-intrusive 

flowmeters operating on the Doppler effect are known. 

The theory on which non-intrusive monitoring of 
flow by time-of-f light measurement is as follows: 
A pulse of ultrasonic energy is transmitted from one 
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transducer to another through the flowing fluid in a 
direction which may be perpendicular or at an angle to 
the axis of the flow and the time-of -flight (T^) of 
the pulse is measured. A second pulse is then sent 

5 along the same path but in the reverse diection and the 

second time-of-f light (T £ ) is measured. One of the 
pulses will be accelerated by the flow and the other 
will be retarded. The difference (delta-T) between the 
two times-of -flight (T 1 -T 2 ) is proportional to the 

10 flowrate after suitable correction. 

However, to arrive at the absolute value of the 
flowrate it is necessary to correct the value of delta-T 
for interfering effects. Using Snell ' s Law of 
Refraction and a knowledge of wall thickness, the angle 

15 of the ultrasonic pathway to the wall and the rate of 

propagation of the ultrasound in the material of the 
pipe wall, a correction factor for wall effect may be 
calculated. Likewise the rate of propagation of the 
ultrasound in the fluid will also enable a correction 

20 factor to be derived. It will be understood that these 

factors vary between locations and with time. Thus the 
material of the pipe wall and its thickness, which is 
not, of couse, apparent from outside the pipe, and the 
density of the fluid, which may vary with changes in 

25 composition and with temperature, affect the measurement 

and reguire correction of the observed time-of-f light 
and delta-T. 

An object of the present invention is to provide a 
non-intrusive ultrasonic flowmeter operating on the 
30 principle of time-of-f light measurement. 
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According to the present invention there is 
provided an ultrasonic fluid flowmeter comprising; 
(a> a first mounting block for location at a 
first station on the external surface of a pipe 
carrying a flow of fluid; 

(b) a first ultrasonic transducer fixedly housed 
within the block and oriented to direct an 
ultrasonic pulse at a preselected angle to the axis 
of fluid flow; 

(c) a second ultrasonic transducer within the 
first mounting block and oriented to direct an 
ultrasonic pulse in a direction perpendicular to 
the axis of flow; 

(d) a second mounting block for location at a 
15 second station on the pipe; 

(e) a third ultrasonic transducer fixedly housed 
within the second mounting block and oriented to 
intercept the direct or reflected acoustic path of 
a pulse transmitted by the first transducer; and, 



10 



20 



25 



(f) means for receiving and processing output 
signals from first, second and third transducers 
whereby the time of flight of the pulse from first 
to third transducers is computed and converted to 
flowrate and an output signal from the second 
transducer is processed to modify the conversion in 
response to any changes in propagation rate 
represented by changes in the output signal from 
the second transducer. 
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Preferably the flowmeter also includes means within 
a mounting block responding to changes in temperature 
and means for modifying the measured flowrate in 
response thereto - 

5 The flowmeter may also include a fourth ultrasonic 

transducer for measurement of the wall thickness of the 
pipe and modifying the measured flowrate in response 
thereto c 

An embodiment of the present invention will now be 
10 described, by way of illustration, with reference to the 

accompanying drawings of which: 

Fig 0 l is a schematic representation of a section 
through a pipe having a flowmeter of the invention 
mounted on its external surface; and, 

15 Fig. 2 is a block diagram representing the means for 

receiving and processing signals from the 
transducers to give an indication of flowrate. 

Referring to Fig.l, a first mounting block 1 and a 
second mounting block 2 are provided for clamping to the 
20 external surface of a pipe 3 carrying a flow of fluid. 

Mounting block 1 houses an ultrasonic transducer, 
referenced as in Fig.l, which is fixedly held at an 
angle to the axis of flow of the fluid so as to direct 
an ultrasonic pulse at an angle across the flow in the 
25 direction indicated in Fig.l.. 

The second mounting block 2 also houses a 
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transducer T 2 which is fixed therein at an angle to 
intercept the beam from transducer T^. An 
alternative location for mounting block 2 is shown. in 
broken lines in Fig.l. 

5 Mounting block 1 also houses transducers T 3 and 

T 4 oriented to direct pulses perpendicular to the axis 
of flow, and temperature sensor 4. 

Fig. 2 shows a block diagram of the signal handling 
electronics used to process output signals from 
10 transducers T 1 to T 4 and sensor 4, to give an output 

of the fluid flowrate. 

« 

The precise calculation of the flowrate requires 
calculation of the angles of refraction of the pulse and 
the following parameters are rquired for that 
15 calculation: 

(i) Transmission angle (a) 

In the flowmeter of the present invention the 
transmission angle "a" is fixed by the housing of the 
transducers T, and T 2 in their respective mounting 
20 blocks 1 and 2. 

(ii) Transducer Propa gation Rate (T) 

This parameter varies with temperature. It is 
an important parameter since it is required to allow 
calculation of the fluid angle using Snell's Law, 
25 Temperature is is measured by sensor 4 in mounting block 
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(iii) Wall Propagation Rate (W) 

This parameter enables calculation of the beam 
path in the wall of the pipe. The propagation rates 
for a variety of pipe materials are held as a look-up 
5 table in the memory of the instrument. 

r 

(iv) Fluid Propagatio n Rate (F) 

This parameter is dependent on characteristics of 
the fluid such as density and temperature. It is 
required for the calculation of the the beam angle/path. 

10 (v) Outside Pipe Diameter 

Outside diameter (O d )is readily measurable on 
site by an operator of the flowmeter. - This parameter 
is necessary for calculation of the pipe inside diameter 
(X d ), that is, O d —2 x wall thickness = 

15 In the flowmeter of the present invention as 

illustrated in Fig.l, transducer T ± , in conjunction 
with transducer T- produces output signals which are 
processed to obtain the total time delay brought about 
by (a) the transducer material (b) the pipe wall and (c) 

20 the fluid flow. The signal processing also produces a 

delta-T flow signal by measurement and calculation. 

Transducer T 3 is used to measure the wall 
thickness. This calculation requires the operator to 
input to the instrument the outside diameter of the pipe 
25 and its material of fabrication, the acoustic properties 

of materials being readable from memory by the 
instrument. 
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Transducer T 4 is used to measure fluid 
propagation rate. 

The temperature sensor 4 measures the temperature 
of the material of the transducers within the mounting 
5 block 1, to be used in the calculation the propagation 

rate of the transducer material, which varies with 
temperature, and thus enabling calculation of the fluid 
angle, 9. 

The principle of operation will now be described with 
10 reference to Fig.l. 

By exciting the piezoelectric crystals within the 
transducers, ultrasound passes through the pipe wall and 
across the flow of liquid from at an angle 9 to the axis 
of flow and may be detected or reflected at the opposite 
15 wall as shown by the alternative positions of the second 

mounting block 2 containing transducer T 2 « The time 
of flight of the ultrasound from T ± to T 2 is derived 
as follows: 

t 1 2 = 9 x 1/c+VsinQ (1) 

20 t 2-1 = I d /cos 6 x 1/c-Vsine (2) 

dT = t 1-2 - t 2-1 

= I. x 2Vsin9 / cos9 x c 2 - (Vsin9) 2 (3) 
a 

in which; t 1 9 is the time of ultrasound travel from 

transducer T 1 to transducer T 2 ; 

25 t 9 is the time of ultrasound travel from 

transducer T 2 to transducer T x ; 

L is the pipe internal diameter; 
a 
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c is the rate of ultrasound propagation in 

the fluid; 
V is the flow velocity; 

m 

e is the fluid angle; and, 
5 dT is the time difference. 

Since (VsinG) 2 is insignificant with respect to the 
term c 2 it can be ignored. 

Therefore : 

Time Difference (dT) = I fl *2V. tane / c 2 (4) 

10 As c 2 changes according to variations in density or 

temperature of the fluid, it must be eliminated from 
equation (4) to ensure stable performance. Therefore, 
by multiplying both sides of equation (4) by c , the 
solution results in velocity V being proportional to 

15 dt/T 2 . 

Now, since c 2 = i ^ /t2 

dT.I 2 /T 2 = I d .2Vtane 
Therefore: dT/T 2 = 2Vtan0-/I d (5) 

The flowmeter of the present invention is 
20 designed to monitor dT/T as well as to detect and 

measure accurately the very minute time differences 
involved. 

Having defined the relationship between flow 
velocity (V) and time, two other factors have to be 
25 taken into account in order to modify the readings for 
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the effect of the pipe wall on a clamp-on system 
flowmeter to obtain accurate results without resorting 
to volumetric calibration. 

(i) As can be seen from Fig..l, refraction in the 
various media encountered by the ultrasonic beam 
controls the fluid angle (6) which, according to Snell's 
Law is defined by the equation (6). 

V /sine - V^/sin** = constant (6) 
c i 

where: V = liquid sound velocity; 

c 

= transducer sound velocity; 
c* = transducer injection angle; and, 
O a liquid beam angle. 

(ii) The effects of flow profile variation which are 
directly related to the Reynolds Number have also to be 

15 taken into account. Here again the flowmeter reading 

and the Reynolds Number are related mathematically and 
thus only processing of the collected data is required. 
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CLAIMS 

An ultrasonic fluid flowmeter comprising; 

(a) a first mounting block for location at a 
first station on the external surface of a pipe 
carrying a flow of fluid; 

(b) a first ultrasonic transducer fixedly 
housed within the block and oriented to direct an 
ultrasonic pulse at a preselected angle to the 
axis of fluid flow; 

(c) a second ultrasonic transducer within the 
first mounting block and oriented to direct an 
ultrasonic pulse in a direction perpendicular to 
the axis of flow; 

(d) a second mounting block for location at a 
second station on the pipe; 

(e) a third ultrasonic transducer fixedly 
housed within the second mounting block and 
oriented to intercept the direct or reflected 
acoustic path of a pulse transmitted by the first 
transducer; and, 
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(f) means for receiving and processing output 
signals from first, second and third transducers 
whereby the time of flight of the pulse from 
first to third transducers is computed and 
converted to flowrate and an output signal from 
the second transducer is processed to modify the 
conversion in response to any changes in 
propagation rate represented by changes in the 
output signal from the second transducer. 

■ 

An ultrasonic fluid flowmeter according to 
claim 1, which also includes means within a 
mounting block responding to changes in 
temperature and means for modifying the measured 
flowrate in response thereto. 

An ultrasonic fluid flowmeter according to 
claim 1 or claim 2, which also includes a fourth 
ultrasonic transducer for measurement of the wall 
thickness of the pipe and modifying the measured 
flowrate in response thereto. 

An ultrasonic fluid flowmeter according to 
claim 1 or claim 2 or claim 3, in which the means 
for receiving and processing output signals 
includes a data store of acoustic properties of 
materials of fabrication of pipes, accessible on 
input of the identity of the material of 
fabrication by an operator. 
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